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Disclaimer 

The views expressed in this academic research paper are those of the author(s) and do not 

reflect the official policy or position of the US government or the Department of Defense.  In 

accordance with Air Force Instruction 51-303, it is not copyrighted, but is the property of the 

United States government. 

2 




AU/ACSC/BORCHERS/AY09


Contents 

Disclaimer……………………………………………...………………………………………..[2] 

Preface…..…………………………………………………………………………………….…[5] 

Abstract………………………………………………………………………………………….[6] 

Chapter 1: Defining the Problem and the Probability…………………………………………...[8] 

Chapter 2: Consequences of an Impact………………………………………………………...[13] 

Chapter 3: Predicting and Preventing an Impact ........................................................................ [17] 

Chapter 4: Possible Solutions ..................................................................................................... [27] 

Chapter 5: Conclusion and Possible Recommendations……………………………………….[32] 

Bibliography ............................................................................................................................... [36] 

Illustrations ................................................................................................................................. [38] 

3 




AU/ACSC/BORCHERS/AY09


Illustrations 

Figure 1: Torino Scale .......................................................................................................... [38-39]


Figure 2: Torino Scale Chart....................................................................................................... [40]


Figure 3: Number of Total NEOs Discovered ............................................................................ [41]


Figure 4: Number of Large (1 km and greater) NEOs Discovered ............................................. [41]


Figure 5: All Known NEOs…………………………………………………………………….[42] 


4 




AU/ACSC/BORCHERS/AY09


Preface 

I chose the topic of Planetary Defense because it almost has a cult following in some circles 

but isn't taken seriously in most.  We've all seen the Hollywood movie blockbusters Armageddon 

and Deep Impact and we've all seen the media report occassionally on objects that narrowly 

missed the earth with only a few days or weeks notice.  We can visualize what might happen if a 

comet or asteroid impacts the planet but very few of us give it serious thought a few hours after 

we leave the theater.  However, there are a few in the scientific community who see it as the real 

threat it is and work tirelessly to increase the public's knowledge of such a threat.  Unfortunately, 

it is far removed from the mainstream and probably will be until our planet is hit or sustains a 

very near miss.  In the research for this paper I've come across some information that surprised 

me.  I'm happy to see that more is being done than I realized in the areas of tracking and 

identifying dangerous near earth objects; but I am likewise dissapointed in the reality that 

nothing is being done to deflect or destroy such objects if it is determined that they are on a 

collision course with earth. I can only hope that our scientists can convince the government and 

public to take action before it is too late, or that we continue to be lucky as a planet existing in 

this cosmic shooting gallery.  I'd also like to take the time to thank my faculty advisors for their 

assistance on this paper and project and for teaching me more about the space environment and 

USAF capabilities and mission areas in that environment. Lt Col Timothy Wolf and Major 

Jonathon Lowe thank you for your assistance. Finally I'd like to thank my wife, Alycia Vrosh 

for spending quality time with me in the Muir S. Fairchild Research Center and for listening to 

my non-stop space-geek rantings about killer asteroids, orbital mechanics and why I should have 

been a 13S. Aly your time and understanding (or non-understanding but quiet acceptance) is 

much appreciated. 
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Abstract 

This paper analyzes what role, if any, should the United States Air Force take in the 

nation's stance on planetary defense.  Planetary defense in this paper means protecting the planet 

and therefore our nation from the impact of large Near Earth Objects (NEOs).  This topic is 

usually relegated to the realm of science fiction movies and books but the consequences of such 

an impact are too great to ignore and simply dismissing it as impossible.  Before addressing the 

role of the United States Air Force in such project, the problem of a NEO impact is analyzed. 

First, the paper analyzes the problem itself and discusses the probability that a NEO large 

enough to cause damage will impact the earth.  There is discussion of past NEO impacts during 

the earth's history and the craters that leave us tell tale signs of these impacts that we can gather 

data from.  Secondly, the effects and consequences of a NEO impact are discussed.  This shows 

the reader how even though the probability may be low, the consequences are so high that we 

mush take a possible NEO impact as a serious matter. 

The paper then discusses how to predict and prevent an impact.  In this chapter there is 

discussion on what the U.S. and other governments are currently doing to prepare for such an 

impact.  We look at how many objects are catalouged that could possibly strike the earth in the 

near future and what we're currently doing to give the earth advance warning.  Also discussed are 

possbile options to prevent an impact once a NEO is discovered to be on a collision course with 

the earth. 

Finally the problem solution method is used to analyze what U.S. government agencies  

should have a role in planetary defense, including those that are already contributing or those that  

do not have a role. The conclusion reached is that the United States Air Force should play an 
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 increasing role in planetary defense.  The Air Force possesses unique tracking, weapon and 

space launch capabilities that could greatly aid in the development of a formalized planetary 

defense system fielded by the U.S. governement.] 
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CHAPTER ONE 


On my first cross country move from Vandenberg Air Force Base, CA to Hurlburt Field, 

FL, my drive across the country took me through the desert of Arizona on interstate forty.  I’d 

planned to do some sightseeing along the way and found that my travels would take me right 

past the Barringer Meteor Crater near Winslow, Arizona.  After seeing countless television 

shows and blockbuster movies depicting the effects of a meteorite impacting the earth, I couldn’t 

wait to see what a real crater looked like and learn of the actual effects.  When I arrived at the 

crater’s rim and took in the panoramic view I was amazed at the size of this scar on the earth’s 

surface. 

The Barringer Crater is just over one kilometer across and over 150 meters deep in the 

center, the collision of an iron-nickel meteorite 50 meters in diameter travelling at approximately 

fifteen kilometers per second caused a blast equivalent to two and a half megatons of TNT and 

ejected 100 million tons of rock into the surrounding countryside up to ten miles away.1  Since 

this event occurred nearly 50,000 years ago we weren’t on hand to witness the devastation at 

hand.2  Imagine the physical, psychological, financial, and political effects such a collision 

would lead to if this happened in our society somewhere on the earth today.  It’s the equivalent 

of dropping a two and a half megaton nuclear weapon at random on the earth’s surface.  In 

comparison the atomic bomb nicknamed “Little Boy” that was dropped on Japan in WWII had 

an effective yield of 13 kilotons and warheads in use by the U.S. government today typically 

have a yield in the range of 300 to 500 kilotons.  

As I toured the facilities and spent some time in the gift shop, I picked up two pairs of 

meteorite earrings for my sisters as a typical “wacky” gift from their brother.  It dawned on me 

that I had the luxury of shopping at this tourist site only because the event had happened fifty 
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millennia in the past.  When a similar event occurs in the earth’s future, humans won’t have this 

luxury; we or our ancestors will have to deal with the reality of this destructive force.  The only 

way to this avoid this problem is if we start analyzing the problem and doing something about it 

now. We need to develop a credible system of planetary defense to avoid a catastrophic event in 

the future and the United States Air Force (USAF) should play a vital role in planning and 

executing this defense for the United States and eventually for the world as a whole.  This paper 

will demonstrate that despite current efforts towards increasing our abilities in planetary defense, 

we are still inadequately prepared should the need arise to track and deflect an object that is 

discovered to be on collision course with earth. 

So what exactly are the chances that another impact similar or greater than this will occur 

in our lifetimes?  First, the Barringer meteor crater isn’t the only example of an object impacting 

the earth. The earth’s surface is pockmarked with craters created by meteorites much larger and 

more devastating than the one that created the crater in Arizona.  Some are now hidden by 

oceans or lakes or have been simply buried by the passage of time and some are so large that 

they can only be noticed from space.  Some were not so distant in our past and were close calls 

like the Tunguska event over Siberia in 1908.3  This close call involved the air blast of a meteor 

exploding miles above the earth’s surface and the resulting blast leveled an area the size of the 

state of Rhode Island or a square almost 45 miles long on each side.4 

Researchers currently estimate there are 170 known impact craters on the earth.5  Some 

of these are as large as the 170 kilometer diameter Chixclub crater in the Yucatan peninsula that 

was caused by a meteorite thought to have been 10-20 kilometers in diameter.  We know that the 

earth is struck frequently, in geologic terms, by meteors and other near earth objects (NEOs) due 

to the number of craters, but the true numbers may be even larger.  NASA estimates that the 
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earth is struck millions of times per day by NEOs that burn up in the atmosphere that are no 

larger than pebbles.6  The impact of most of these objects can be neglected because of their small 

size. However, there are plenty of other objects in our solar system that are large enough to 

cause major damage if they impact the earth.  What is the probability that a meteor large enough 

to do some harm will survive entry through the earth’s atmosphere and produce an impact that 

causes wide spread damage and destruction?  Furthermore, what is the possibility of a meteor 

impacting the earth that is large enough to cause the extinction of the human race? 

The relationship between the size of an object and its chance of striking the earth is 

inversely proportional. The earth is hit by small objects and debris constantly but a larger object 

that produces global effects may only impact the earth once every half million years.  An impact 

such as the one that flattened the Siberian forest in Tunguska is thought to happen once every 

300 years and it is theorized that it would only occur near a human population center once every 

3000 years. Furthermore, these numbers can be extrapolated to tell us that only once every 

100,000 years would this impact occur in an urban area and only once every 1 million years 

would it occur in an urban area within the borders of the United States.7  These odds don’t seem 

too bad at first, especially considering the last Tunguska sized event was only 100 years ago so 

we’ve got some time on the average before the next one occurs.  

It’s hard for humans to imagine events that occur only once every thousands of years.  To 

compare the time periods between the risks, we have to realize that all of recorded human history 

only takes us back about 6,000 plus years.8  However, another factor needs to be added into the 

equation. With these events we’re not merely talking about building your house in a 500 year 

flood plain and hoping during the next 30-40 years that you live in the house no floods raise 

above the river’s banks. We’re talking about devastation on a global scale, possibly one quarter 
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of the earth’s population wiped out by a single finite event that lasts only a fraction of a second 

when it strikes the earth. This type of risk is hard to quantify.  Essentially when you look at a 

larger NEO impact event you are weighing the low probability that a large object will strike the 

earth with the high consequences once such an object does impact the surface or produces an 

airburst. In short the risk is much greater when the consequences are much greater and the event 

in question could wipe out the planet versus destroying a few hundred homes like the major 

floods we’ve seen recently in the Midwest.9 

Some numbers do exist to help us quantify the consequences when tied in with the 

probability of the risk. Again, we know that the Earth will be impacted by a meteorite at some 

point, but the key is when?  The human mind has a hard time grasping the chances of something 

occurring during our short life span when we talk in probabilities of an event that occurs only 

once every hundreds of thousands or millions of years.  According to scientists, your chance of 

dying during a civilization ending impact is greater than the following chances:10 

- About 300 times greater than the risk of dying from botulism 

- About 100 times greater than the chance that you will die in a fireworks accident 

- About 10 times greater than the chance of dying in a tornado 

- About 1/3 the risk that you will die in a firearms accident 

- About 1/30th the chance that you’ll be murdered 

- About 1/60th the chance that you’ll die in an auto accident 

Putting the risks in these terms certainly makes it more understandable and implies that the risk 

of death from the impact of a NEO is real and does exist.  In fact, the risk and probability seems 

even more likely and personal when looking at a list of known NEOs that will pass frighteningly 

close to the earth in the next twenty to thirty years. 
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In a little less than twenty years, our usually quiet Earth-Moon system is going to have a 

lot of visitors. In August 2027, Asteroid Number (AN) 10 is going to get about one lunar 

distance from Earth.  Estimates for its size range from one half to two kilometers in diameter, or 

plenty large enough to create a regional or global catastrophe if it strikes the earth.  Just six 

months after AN10 passes by object WN5 will get even closer, just about splitting the difference 

between Earth and the Moon. At 700 meters in diameter this asteroid has the potential for major 

damage also. By far one of the most famous among the scientific community of end-bringing 

objects we know about in our solar system is asteroid Apophasis.  Astronomers initially thought 

for a while that this 270 meter-wide rock had an almost 3% chance of hitting us. Since then, odds 

have been lowered to 1 in 43,000 that it could slam into Earth in 2029. But if it passes through a 

gravitational keyhole, a tiny region in space that could tweak its orbit ever so slightly, usually 

where two large object’s gravitational pulls effectively cancel each other out, an impact could 

still happen on April 13, 2036.11 
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CHAPTER TWO 


How large of an object does it take to produce visible, damaging effects?  There are many 

factors that influence the effects of the object impacting the earth.  The size of the object is an 

obvious one. Objects from tens of meters in diameter to tens of kilometers in diameter exist in 

the solar system and could come across the orbit of the earth.  The density of these objects also 

varies greatly. Some meteors are made of an almost solid nickel/iron metallic mix, while others 

are a less solid stony mass.  Also, comets can be made of loosely packed together ice, dust and 

rock matter.  The speed at which these objects can impact the earth range from approximately 12 

to 72 kilometers per second or 26,000 to 156,000 miles per hour.12  The area of the earth where it 

strikes also has a large effect. Is it near a densely populated area of the planet, does it strike the 

ocean and create a tsunami, at what angle does it impact the earth?  All of these are important 

variables and questions. For simplicity’s sake in this paper many of the variables are averaged 

and we mainly discriminate between the effects of an object based on the object’s size. 

 The current answer to the question “How big does an impacting object have to be to 

create major effects?” seems to state that an object with a diameter of tens of meters or greater 

that survives entry into the atmosphere would be capable of major damage and releasing enough 

energy to approximate two to three times the power of the atomic bombs dropped on Nagasaki 

and Hiroshima.13 When you’re talking about kinetic energy being released that equates to the 

first nuclear weapons developed, it may sound like a lot, but it pales in comparison to the next 

size up.14  Real catastrophic effects come into play when the object is in the size range of 

hundreds of meters, especially as the size of the object approaches one kilometer in diameter.15 

These impacts would produce craters multiple kilometers in diameter and cause destruction on at 

least a regional scale.  The blast energies are in the multi-megaton range and start to exceed the 
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destructive capabilities of the largest nuclear weapons ever produced.  At the upper bounds of 

this category, approaching the one kilometer diameter range, some effects could have global 

significance with regard to weather patterns and atmospheric cooling similar to a “nuclear 

winter” type effect.16  This is due to dust and debris from the impact blocking the sun’s rays after 

it is ejected high into the atmosphere.17  The effects from a one kilometer wide asteroid with 

sufficient speed and kinetic energy could impact almost 25% of the earth’s population with its 

effects.18    Finally, we approach the range where effects are almost beyond belief, the grand 

daddy of them all. 

A NEO in the one to five kilometer diameter range would produce effects that have 

serious global consequences no matter where on the earth it strikes.  Again, a “nuclear winter” 

type scenario would almost certainly occur where the sun could be blotted out by the dust in the 

atmosphere for months.  Plants, crops and animals would die, the very survival of civilization 

and the human race would be at stake.19  Massive earthquakes would work their way across the 

land. Tsunamis caused by such an event could be hundred of meters high and wipe out entire 

coastal areas of continents.  Acid rain would be created from all the burning pollutants in the 

blast and freshwater lakes and rivers could be acidified.  Even after the dust settled, follow-on 

effects of increased green house effects could raise global temperatures on an average of ten 

degrees Celsius for years or decades following the event.20  Such an impact would have lasting 

effects on the future of humanity and all the plants and animals on the earth that survived the 

initial impact. 

Another way to measure the potential damage that a NEO can inflict involves the use of 

the Torino scale. The Torino scale, shown in figures 1, 2, and 3, uses a number from 1 to 10 to 

represent how potentially threatening an object can be.  It takes into consideration how massive 
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the object is, how fast it is moving by listing its potential kinetic energy rated in megatons and on 

the other axis it rates its probability of impacting the earth from almost zero up to a definite 

strike or probability of one. This chart makes it easier to discuss and classify NEOs that we can 

track or identify and their relative danger to the earth.21  Scientists often use this scale or similar 

ones to categorize newly discovered NEOs that may be a threat to the earth. 

Besides the general scenarios listed previously there are virtually limitless numbers of 

scenarios that one could construct to illustrate the potential damage from a NEO striking the 

earth. However, rather than making up another “Hollywood” scenario, it seems easier and more 

realistic to illustrate the destructive capability of some events that did occur or almost occurred 

in our earth’s past. If the previously mentioned 1908 Tunguska event in Siberia had occurred 

three hours later, Moscow would have been leveled.22  In 1908, Moscow’s population was 

approximately 1.36 million persons; imagine the loss of life had this occurred or imagine the loss 

of life that would occur if the event happened today with Moscow’s population of over 10 

million.  Keep in mind the Tunguska event was the result of a low density stony type of meteor 

that exploded 40 kilometers in the atmosphere.  Had the meteor been a 40 meter wide iron nickel 

meteorite the blast would have been much worse.  A crater 1 kilometer in diameter would have 

been created and the explosive force would have been around 12 megatons versus the 3 megaton 

event previously discussed.23  The threat of impact from NEOs would certainly be treated as a 

more serious subject had such an event happened in our recent history.24 

Another pertinent example to be looked at is in the case of something that could occur 

presently. As this research paper is being written on, an asteroid tagged as 2009 BK58 is passing 

by the earth within approximately two times the distance from the earth to the moon at a relative 

velocity of ten kilometers per second.  With an estimated diameter of 30 meters and assuming it 
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was composed of some mix of iron and nickel, it would impact the earth and result in a blast of 

two megatons of energy.  It would leave a crater approximately 400 meters wide with a depth of 

75 meters and would create a magnitude 5.7 earthquake in the surrounding areas.  The explosive 

amount of two megatons is equivalent to the test of a British nuclear weapon dropped near 

Christmas Island on 8 November 1957.25  The blast of a two megaton burst by an object 

impacting the earth would have the following effects:  the heat from such a blast would cause 

third degree burns fifteen kilometers in radius from the blast, the widespread destruction of 

structures would occur six kilometers from the center of the blast, and near total fatalities would 

occur within three and a half kilometers from the blast center.  The fireball from such a blast 

would be at least half a kilometer in diameter.26  However, as we’ll discuss in the following 

paragraphs, there would be additional effects from this impact. 

Thus far the only discussion has been on the physical and direct effects of a NEO striking 

earth. What about the indirect effects on economies and the stability of nations in a post strike 

world?  Especially the country or countries directly struck or affected by the event?  As 

evidenced by history, nations have succumbed to smaller and less catastrophic disasters.  What 

would stop parts of the world from falling into anarchy and chaos if such an impact occurred?27 

The indirect effects on governments and nations should be taken into consideration when looking 

at the consequences of such an event. Even if the event occurs far away from our nation, the 

resulting social and political effects will be felt around the world and will far surpass the range of 

the physical trauma suffered. 
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CHAPTER THREE 

Now that the actual effects have been discussed, we can see that something probably 

should be done by the U.S. Government in conjunction with other world governments to identify 

these NEO risks and prevent them to the best of our ability.  In this section we’ll address current 

efforts and if those efforts are enough or if we need to do more.  If we have an inbound meteorite 

the first defense against such an object is time.  Time is needed to either destroy it or alter its 

path, or if none of these options are available, time will be necessary to prepare the earth’s 

governments and population to survive the impact and stack the odds of survival in our favor.  

Buying this defense of time requires a method to identify and track these objects that might cross 

the earth’s path through space.  Currently a system exists and a plan is under way to track and 

categorize as many near earth objects as possible.  These efforts form part of the Spaceguard 

survey chartered by NASA in the early 1990’s. Both optical telescopes and larger radar 

telescopes are able to track and identify such objects.  In fact, most scientists agree that if a more 

concerted effort was funded and led to identify NEO threats to the earth, we could probably have 

a 90% chance of gaining twenty years of lead time before an object impacted the earth.28 

The original Spaceguard survey that started in 1992 had a goal of identifying 90% of the 

one kilometer or greater objects that could impact the earth and to have identified these by 

2008.29  According to NASA’s Jet Propulsion Laboratory website over 5900 NEOs in total have 

been discovered as of the writing of this paper.30  Starting with the first object catalogued in 

1995, work has progressed steadily and the numbers increase by about 600 new discoveries per 

year over the past 5 years.31  Has the goal identifying over 90% of the objects that exist been 

reached?  NASA studies propose that there are over 20,000 NEOs total to discover and 

identify.32  So by just looking at the numbers it appears that we haven’t reached our goal yet.  
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However, how do you truly determine when you’ve reached 90% of an unknown number?  It’s 

hard to tell as we’ll never know how many objects out there exist; after all, space is a very big 

place. However, using some common sense math it’s doubtful that we’ve achieved this goal yet.  

The number of discoveries per year would have to decline and somewhat represent a bell curve 

for us to think that we were approaching a 90% detection level. (see figures 3 and 4)  Detecting 

around 600 a year means there are too many out there still to slow down our rate of detection. 

NASA is working to meet the goal of the Spaceguard survey and is an estimated 75% 

complete with identifying 90% of the NEO’s one kilometer or greater in diameter.33  The current 

total of 757 NEO’s that are one kilometer and greater in size has added about twenty five new 

NEOs per year over the past three years.  The bell curve on the graph, (see figure 4) is starting to 

form and this could suggest that they are approaching the point where they have identified the 

majority of NEOs in this category.34  In December 2005 the U.S. Congress and U.S. President 

upped the ante and passed a NASA authorization act and charged NASA with detecting and 

cataloguing 90% of the 140 meter and larger NEO’s by the year 2020.35  It seems that the US 

government has realized the importance of this task and realizes while it is nice to know the 

status of the one kilometer “planet killer” asteroids, it’s time to move onto the next step and 

identify the medium sized “destroyer of nations” asteroids.  This second survey could cost more 

than one billion dollars over the next eleven years if all the projects recommended by the 

scientists are funded.36  However, the U.S. government is obviously not taking this threat 

seriously and has only committed funding to the tune of about four million dollars per year.  

More funding is needed to continue this task that has been handed to NASA.  As of Jun 2008, 

NASA has ID’d 959 asteroids that will come within 20 times the distance from the earth to the 

moon. Of those, 5 will come between the earth and the moon in the next century.  The U.S. 
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government and NASA can’t rest on their laurels now.  The U.S. needs a committed and well 

funded effort to continue these operations and guarantee advance notice of an impending strike 

by a NEO. 

We can never detect and identify all of the NEO’s that could impact the earth.  New 

NEO’s are being created outside and inside our solar system constantly.  A collision in the 

asteroid belt or somewhere else in the solar system could create debris and form new objects that 

are on a collision course with earth.  Similarly, the orbit of a current object could be changed by 

a collision or a piece of it breaking off, or its orbit being adjusted by simply passing near a planet 

or another object that tugs on it just enough with its gravitational field.  Finally, there are comets 

or other objects that come into our solar system that are out of the view of our optical telescopes 

until they get too close for us to mount any defensive measures unless we are prepped ahead of 

time.37  A simple investment increase of tens of millions of dollars per year or even in the single 

digits would give the U.S. and the world a much higher awareness of the space surrounding our 

planet and our potential dangers associated with impacting objects.  If the four million dollars 

spent per year so far as part of the Spaceguard survey has allowed us to increase our knowledge 

from basically zero to now almost 75% of the objects that might impact our planet and cause 

catastrophic damage, think of the increase in knowledge we’d have of NEOs from a slight 

increase in a few million dollars.  In the government budget millions of dollars easily drop off 

the radar scope of most legislators.  Most “big ticket” items cost in the hundreds of millions or 

billions of dollars. Most people who are aware of the problem would agree that we can afford 

the extra expense, even in today’s economy and in these times of shrinking government budgets.  

In fact, most people aware of the threat would say that we can’t afford not to increase efforts 

with the stakes so high. For example, the entire budget of NASA is approximately $20 billion 
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dollars in fiscal year 2009. For the same period the U.S. Air Force’s budget for space as the 

Department of Defense (DOD) executive agent for space is around $18 billion dollars.38  Adding 

$10 million dollars per year to either of these budgets to track NEOs that are capable of causing a 

regional catastrophe or the extinction of the human race is drop in the bucket compared to the 

value. Even if Congress directs NASA or the Air Force through DOD to fund this ten million 

out of their own pocket, it would only account for .05% of their total space budgets.  In some 

cases we probably have spent more government money in study the mating habits of the fruit fly 

that we have to ensure our own species’ survivability on this planet.   

These numbers do not include the additional cost for developing a means to “attack” or 

defend against an incoming object, but once we know an impact will occur without any action on 

our part, is there really any price or cost that we wouldn’t be willing to pay associated with our 

survival?  Even with a regional impact that would occur outside the U.S. borders, the cost of 

providing disaster relief and the loss of lives and real property that the U.S. relies on for 

manufacturing and raw material trade with such a nation would make it worth our while from an 

investment perspective to avoid future costs.  This is not even taking into consideration the moral 

responsibility a nation such as the U.S. must feel if we had the power to stop such an act from 

occurring. If we spend all this extra money on detection and tracking capability, then what good 

will it do us if we discover an impact is imminent and are powerless to stop it?  What exactly are 

our plans and options when this problem does present itself, as it eventually will? 

First, from a planning perspective, no nation has a detailed or acceptably thought out or 

tested plan on how to deflect or destroy an incoming object.  We are finally getting somewhere 

in the tracking and identification portion of the problem as mentioned previously, but we are a 

long way from solving the problem.  Most plans deal with mitigating the damage from an impact 
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by preparing our population for the event through the civil authorities and with sheltering in 

place measures.  The typical response would be to sit in old nuclear fallout shelters, distribute 

food and water and wait out the effects if possible and provide help and aid to those in need who 

are most affected by the events in other nations once the initial strike has passed.  This scenario 

involves giving up on the most obvious solution, deflecting or altering the trajectory of the body 

set to impact the Earth.  Even though the task of deflecting a large NEO poses complex technical 

problems it is surely better than just continuing on and waiting for the inevitable.  Here the 

maxim “an ounce of prevention is worth a pound of cure” surely makes sense. 

Options for tackling this problem range from obliterating the object with nuclear 

warheads, slowing it down or deflecting it with pulses from a laser, attaching a solar sail to slow 

it down, using a gravity tug system to dislodge its orbit, or drilling into its surface to break it 

apart. Although none of these methods have been proven or even partially developed except in 

theory, some stand above others as valid courses of action when viewed by engineers, scientists, 

and space experts in civilian and government circles. 

Attacking the most obvious answer first, why can’t we just send up a swarm of 

intercontinental ballistic missiles (ICBMs) with nuclear warheads to intercept it and blow the 

object apart and completely destroy it?  One of the first problems is current ICBM delivery and 

targeting methods are ground based and current missile configurations wouldn’t allow a warhead 

to travel far enough into space to impact the object far enough away from earth to make a 

difference in time.39  The warheads would have to be placed on a modified ICBM body or 

spacelift vehicle with enough thrust to place the warheads on an intercept path that would be far 

enough out to make a difference in the objects trajectory.  This may not take a great deal of effort 

when compared to other options but some major modifications in the ICBM guidance and 
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targeting system would be needed.  Additionally, the Hollywood movie script of blowing up the 

object to smaller chunks isn’t an ideal plan as that just would create more impactors with roughly 

the same center of mass that were on a collision course with earth, and now the earth’s 

population has multiple impacts and to deal with.  Some studies estimate that destroying an 

object could create a blast area or area of effects up to two times the original objects damage.  

For example, a ten megaton blast from a single meteorite would affect an area of 750 square 

miles with moderate damage.  However, by spitting that ten megaton meteor into four two and a 

half megaton sized meteors with impact areas 20 miles apart, the total area of devastation would 

equal over 1200 square miles or almost twice the area.40  This is not on the desirable side of the 

effects if we are to try and limit the damage or avoid it altogether. 

This situation might not apply however, if the object has a low density and would fracture 

easily. For example a comet is usually composed of ice and dust and some rock matter loosely 

held together by its gravitational attraction.  If a nuclear blast could break it up into chunks 

smaller than 20 meters in diameter, this might work.  These low density objects smaller than 20 

meter in diameter rarely make it through the atmosphere and are usually ablated or explode in the 

upper reaches of the atmosphere where their effects aren’t felt on earth.41 

In another case using nuclear weapons detonated near the object to affect its orbit rather 

than trying to completely destroy it could be successful in theory and practice.  Scientists have 

theorized that exploding a nuclear weapon next to an object in space might be the best solution.  

The radiation and blast would vaporize a small part of the surface area of the asteroid that was 

exposed directly to the blast. This mass of this vapor would then impart a small nudge or push to 

the asteroid in the opposite direction of the blast42  This is only a simple description of the 

operation required to move the object from its orbit.  Complex calculations are required to 
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determine the exact distance a weapon would need to be exploded to create the largest effect.  

Too close of a blast and you might accidentally fracture the object or the blast would be too 

concentrated in one area and not spread its full pressure over the surface of the asteroid.43  If the 

explosion occurred too far away then the energy imparted would be spread too thinly over too 

large of an area and wouldn’t vaporize enough mass to impart enough momentum on the object 

to move it.   

Another problem with any solution that intercepts the object is accuracy.  It’s hard 

enough to get two objects to intercept each other when they’re both moving at 17,500 mph in 

low earth orbit or in the case of intercepting a missile with an anti ballistic missile battery or 

something similar.  We’ve tackled both of the problems listed above with our anti-ballistic 

missile system and testing of anti-satellite weapons in the past.  However, the problem with 

intercepting a NEO in bound for the earth is that the object you’re trying to intercept is moving at 

a speed between twelve to seventy two kilometers per second.  This is much faster than any 

incoming ICBM or a satellite that is moving in low earth orbit.  Add to this that the object is not 

coming in on a straight line and your missile or interceptor is not moving towards that target on a 

straight line either.44  Both objects are on a slight parabolic arc (when viewed from the macro 

level) because of the gravitational pull of the sun, earth and any other bodies that are nearby in 

our solar system.  Even though gravity may seem to work against you in some of these 

situations, in the following deflection operations gravity is the basic force that makes them work. 

One option of moving the object out of earth’s path involves using a gravity tug to slow 

or alter the NEOs path. If the object is intercepted far enough away from earth, its orbit may 

only need to be slowed .1 meter per second.  Placing a large satellite or perhaps even a nearby 

asteroid on the same path as the object and keeping it there will provide a slight but sure tug on 
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the object.  The force of gravitational attraction between the two objects will slowly pull the 

target object off course by fractions of inches.45  If the object is intercepted in time, these 

fractions of inches will add up and the object should miss the earth.  These are only a few of the 

options available and the options seem to be only limited by the imagination of the scientists that 

continue to theorize about them.  However, the purpose of this paper isn’t to produce an 

exhaustive list of options, but to provide a background for the reader to sufficiently understand 

some of the problems and nature of such a large task.  Some of these options are listed to provide 

insight into the progress we’ve currently made or possible areas we should focus our efforts. 

All of the previously discussed items are in theory only.  None of them have been tested 

outside of a laboratory and most theorizing has been done in the scientific community without 

much funding or official input from the Department of Defense or NASA.  Even though the 

preponderance of knowledge on the subject rests with the civilians, at some point the 

government will have to get involved due to the nature of the threat and size of such an 

ambitious project.  In the past there have been some tests of rendezvous with NEOs but not for 

the purpose of testing the options we’ve just discussed.  The European Space Agency (ESA) 

plans to send some craft to meet up with asteroids for both study and a deflection exercise.  The 

Rosetta project involves an ESA vehicle orbiting, studying and mapping the makeup of an 

asteroid. The more ambitious ESA “Don Quixote” project involves two vehicles, one to sit on 

orbit and provide measurements while a second craft impacts the asteroid at high velocity, 

resulting in measurements to determine the effect on the asteroids orbital parameters is 

planned.46  NASA had a joint project with the DOD titled “Clementine I and II” that planned 

similar tests.  One Clementine project was line item vetoed by President Clinton.  It was thought 

this was done because the same technology that could be used to intercept an asteroid or NEO 
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could also be used to intercept an ICBM, and the development of such could violate the Anti 

Ballistic Missile treaty that the U.S. was held to at the time.  The second part of the Clementine 

went on to map the surface of the moon but soon failed after this and was unable to continue its 

mission to intercept and study a near earth asteroid.47  To prove that this capability exists and to 

further testing efforts international bans on nuclear weapons testing in space would have to be 

relaxed or ignored. 

Testing a complicated system like any of the previously mentioned solutions is invaluable 

because the amount of effort and lead time dedicated to a destruction/deflection mission of a 

NEO is so great that we might only have one launch or one opportunity.  A reason for the long 

lead time needed is illustrated in this example. If an amount of one megaton of blast energy is 

needed to deflect an object when it is ten years away from impacting the earth, just a one year 

slip in the launch time that you can reach the object to deflect it results in 100 times greater 

energy needed to deflect the object at nine years out versus deflecting it when it was ten years 

out from earth.  Waiting one year causes you to use 100 megatons of blast energy versus one.  

Having a system that is redundant is also desirable.  If one system fails at launch or fails en route 

to the rendezvous with the object, there may not be enough time to launch a second one with 

enough energy to move the object unless a second interceptor is launched or ready on the pad at 

a moment’s notice.  Even taking it a step further and  launching interceptors with redundant 

capabilities in sets of threes would seem to limit the chance of complete failure to an acceptable 

level (if there is such a level when speaking of these types of consequences). 

Once your interceptor reaches the target how do you ensure and validate that it is 

working besides the fact that it has arrived on station?  How many years or months does an 

organization have to observe miniscule changes in orbital parameters to ensure that the object’s 
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velocity is being slowed by tenths of meters per second, or how can you ensure that it’s heading 

is being changed ever so slightly and can be measured to the thousandths or millionths of a 

degree?  New technology or new methods must be developed to provide accurate and timely 

feedback to ensure the system is working.  The stakes are too high and one cannot sit around and 

wait and assume that the orbit of the object is changing and being affected while we waste 

valuable time not trying a secondary method or launching a backup interceptor. 
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CHAPTER FOUR 

The previous chapters list a few of the problems that need to be worked out for a 

planetary defense system.  Such a system is so complex and will end up being so large and cost 

prohibitive that it must be a government funded and run organization.  In fact, since it benefits 

the whole world and many countries, it will probably end up being an international consortium of 

nations who all share in the common fate of our earth or the particular region where the object is 

predicted to strike.  This would allow for a larger funding base and multiple nations of engineers 

and scientists tackling the largest and most serious problem humankind has seen to date.  In 1992 

a NEO interception working group meeting at Los Alamos National Laboratory in New Mexico 

came up with some cost calculations to develop and implement a planetary defense system for 

three different sizes of NEO’s. For small NEOs less than 50 meters in diameter the cost benefit 

analysis yielded results of one million dollars per year.  This is based on the formula for a 

cost/risk analysis of the damage caused by a NEO impact divided by the number of years 

between impacts on the average.  For a larger NEO around two kilometers in diameter, the cost 

per year rises to two hundred million dollars and it increased at a geometric rate onward for 

larger NEOs.48 

These average cost answers still don’t tell us the total cost of a defense system.  Estimates 

show that around 120 million dollars a year over 20 years would maintain a planetary defense 

system.49  This does not include the estimated billions to develop the initial system and the 

development cost depends on which method of destruction or deflection is chosen.  Cheaper 

options include the already existing technologies of nuclear weapons with modified ICBMs 

launch systems.  It would cost substantially more to develop a new technology like a solar sail 

solution or some type of gravity drive system.50  It is also estimated that spending this much on a 
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system would only give the earth a limited mitigation system.  If we are to develop a system to 

destroy and deflect those giant five kilometer diameter asteroids that exist those costs could run 

into the hundreds of billions or even trillions and be the most expensive project in the history of 

the human race.   

As noted by some researchers though, initiating a defense system now before we fully 

understand the problem would end up wasting more effort, money and time and jeopardize 

further funding. They theorize that the best approach at this time would be to spend more money 

studying the best way to track and defend against these NEOs before enacting an actual plan and 

developing and building new technologies and physical capabilities.  With that said, a partial 

effort to develop some of the new technologies that will be required couldn’t hurt the cause at 

this stage of the problem and solution development.  The lead time for developing some 

technologies could be many years or even decades and starting earlier can only help us in the 

endeavor. 

This brings us to our main question.  Who in the U.S. Government needs to shoulder the 

immense task of managing the project, running the acquisition issues and the funding of such an 

enormous task?  An obvious answer to some would be NASA.  They deal exclusively in space 

and have great experience with launch systems and vehicles and have the necessary engineers 

and people already on staff to start the task. They also have the current contracts and links with 

the appropriate civilian agencies and industry that could help the project along via contracted 

help. Still others would argue that the obvious choice would be the DOD and possibly the 

USAF. The USAF is already the executive agent for space within the DOD and they already 

possess the sophisticated satellite tracking capabilities along with the only ICBM force which 

includes a nuclear capability.  The Navy possesses nuclear capability but the Trident launch 
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systems do not have the lift or range capability.  The USAF also possess a heavy launch force 

and have multiple launch vehicles that could be modified or suited to deliver and interceptor an 

object. Furthermore they have experience with multi billion dollar weapons systems and 

procurement and acquisition processes.  The AF portion of the DOD budget is also already the 

largest in the nation and could more easily swallow or absorb the funds or excess costs related to 

such a project. 

Another camp would see that the newly formed, post 9/11 Department of Homeland 

Security would have purview over such a project.  After all, the main reason we are concerned 

about a NEO impact event is to take care of the civilians at home and prevent loss of innocent 

life. This department would certainly have a valid claim to stake in this case.  However, the 

department of Homeland Security is among the newest of U.S. organizations they may not have 

the capability and experience within their ranks to develop and maintain such a large and 

complicated system.  They also have virtually no experience in space or weapons systems when 

compared to the USAF, DOD and NASA.   

Whoever gets the final nod to go ahead with the project of planetary defense, chances are 

there would be a lot of debate in Congress as to who gets the funding for such a project and some 

of it probably won’t be altruistic in nature. Senators and Representatives could be swayed to 

vote for a certain agency to take the lead depending on the economic impact it would have in 

their districts. This problem is exacerbated because we’re talking about building a system before 

we need it. Most people still wouldn’t see a NEO as a serious threat and the elected 

representatives may only see this project as a “cash cow” to argue over on Capitol Hill and play 

politics within their districts. To this day there are still Congressional “food fights” that we see 

over who gets to build the next tanker aircraft for the USAF or the next search and rescue 
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helicopter contract for the AF. These “food fights” in Congress don’t really take into account 

what the organization knows that it needs or what it wants for the mission.  We’d have to be sure 

such a problem doesn’t derail a planetary defense project before it is even started. 

Once our chosen organization begins working on the project, who do we want to partner 

with in the world arena?  Certainly many countries would like to help either because they see the 

true need for a planetary defense system or they see it as a public relations and media bonanza.  

What developing nation wouldn’t want to be seen as contributing to the defense of all human 

kind and carrying that banner forward in front of their people and regional or neighboring 

nations?  Who would we let in on the project?  Allies only who possess the technology and 

funding to actually help, or anyone who is willing to join with us in this endeavor?  Does this 

include our sworn enemies who might use this opportunity to gain some technological 

knowledge or advantage over us? What a perfect opportunity for industrial espionage or stealing 

proprietary information from top U.S. defense contractors.  Or could it follow the model of 

international cooperation that we’ve seen on the International Space Station?  One of the nations 

that we’re currently not on the best of terms with possesses the most powerful launch and booster 

systems on the planet.  Russia’s Energia launch system was capable of boosting a payload of 

over 40,000 pounds into low earth orbit.51  This is approximately three times the payload that the 

U.S. Space Shuttle can boost into orbit, and the Space Shuttle is the second most powerful 

launch vehicle on the planet.52  Some of our fellow countries also possess or have access to some 

of the best launch sites on the planet, Kourou, French Guiana; Alcantara, Brazil or movable Sea 

Launch facilities as part of an international consortium.53  Many of these sites would be 

advantageous because their close proximity to the equator means an energy savings on launch 

and would allow a vehicle to carry heavier payloads.  Clearly many political considerations 
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outside of the realms of technology and science need to be taken into consideration.  The 

scientists and engineers will have to work within the boundaries created for them in this project 

by the politicians. However this is nothing unique, science and technology in the modern age 

has always been held prostrate to the needs and wishes of the state or politicians. 
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CHAPTER FIVE 

With all these problems, possible solutions, and political considerations, where does this 

leave the future of planetary defense and what is the U.S. Air Force’s role in this possible 

mission?  We’ve established that the threat of a NEO impacting the earth is real based on the 

probabilities the scientists have computed and the evidence of past strikes on the earth and the 

associated consequences.  We’ve also established that in order to prepare for an impact from a 

NEO we need to track and identify these objects to gain valuable warning time.  The USAF can 

further assist with this effort.  Although NASA seems to be doing fairly well in the Spaceguard 

survey, their efforts can probably be helped by the Air Force Space Surveillance Network 

(AFSSN). The AFSSN maintains a worldwide presence of radar and optical based tracking 

stations that virtually cover the globe.  These assets could be used to augment the NASA work 

and confirm some of their observations.  A lot of the AFSSN capability remains in the classified 

arena and cannot be discussed here but some efficiencies could be gained here.  The AF also 

controls most of the satellites in orbit or has a liaison capability with the National 

Reconnaissance Office (NRO) who controls the NRO satellites.  Some of these assets could also 

be used to track NEOs that seemed to pose a larger than average threat to the earth.  The USAF 

would be in a better position than any other agency to liaise with the NRO to accomplish this. 

We’ve established that the USAF could help more than it already is and increase the 

fidelity of tracking by working alongside the NASA Spaceguard survey.  How might the USAF 

help in actually deflecting and/or destroying a NEO whose impact with the planet was imminent?  

The USAF is uniquely qualified to lead or assist in this effort as they are the only organization 

who has both the stewardship of various types of nuclear weapons and also owns and maintains 

the launch vehicles to put them into orbit via modified Minuteman, Peacekeeper, Titan or Delta 
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Evolved Expendable launch vehicles.  Some of the USAFs lack of experience at intercepting 

objects in deep orbit would provide a good partnership opportunity with NASA.  USAF launch 

facilities that exist at Vandenberg AFB in California and those that exist at Cape Canaveral in 

conjunction with NASAs launch sites in Florida could assist and provide the capability to launch 

against a single or multiple targets in rapid succession.  Many people don’t realize that many of 

NASA and other government agencies have their payloads placed in orbit via USAF launch 

systems and vehicles. 

Furthermore, the USAF has a large space acquisition community and regularly works 

with many of the commercial space contractors in the nation and internationally.  Bringing this 

acquisition and management experience to bear on the problem of managing a multi billion 

dollar contract such as the planetary defense system for the U.S. will free the engineers and 

scientists involved in NASA and other organizations to focus on the technological advancements 

required for the system to be workable and cost effective.  Based on these above general criteria 

it is essential that the USAF be intimately involved with such a project and co-lead it with NASA 

while other US organizations could work under both lead agencies.  NASA and the USAF have 

shared an interest and have worked in the environment of space since John Glenn first orbited the 

earth. NASA’s mastery of the space environment and the USAF mastery of weapons 

applications would dovetail perfectly for the project of planetary defense.  To cut either of these 

organizations out of the loop would seriously hamper any progress in this area.  

Regardless of how the U.S. Government proceeds in establishing a plan for planetary 

defense, it’s important that the subject is given the appropriate level of attention and the world 

finally takes steps to protect itself from possible impacts.  Much work remains to be done in the 

areas of tracking, prediction and finally deflecting the objects that pose a serious risk of impact.  
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Taking the first step by delegating this task to the USAF and NASA as co-executive agents for 

the task will set us on the right track to solving this problem.  Man has proven time and time 

again that almost no challenge is too great or formidable for our imagination and application of 

our full effort. This can be proven again if the U.S. and world governments set us up for success 

by picking the proper leadership structure to tackle this important problem.   
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Illustrations 

Figure 1 


No Hazard 
(White Zone) 0 

The likelihood of a collision is zero, or is so 
low as to be effectively zero. Also applies 
to small objects such as meteors and 
bodies that burn up in the atmosphere as 
well as infrequent meteorite falls that rarely 
cause damage. 

Normal 
(Green Zone) 1 

A routine discovery in which a pass near 
the Earth is predicted that poses no 
unusual level of danger. Current 
calculations show the chance of collision is 
extremely unlikely with no cause for public 
attention or public concern. New telescopic 
observations very likely will lead to re-
assignment to Level 0. 

Meriting Attention by Astronomers 
(Yellow Zone) 

2 

A discovery, which may become routine 
with expanded searches, of an object 
making a somewhat close but not highly 
unusual pass near the Earth. While 
meriting attention by astronomers, there is 
no cause for public attention or public 
concern as an actual collision is very 
unlikely. New telescopic observations very 
likely will lead to re-assignment to Level 0. 

3 

A close encounter, meriting attention by 
astronomers. Current calculations give a 
1% or greater chance of collision capable 
of localized destruction. Most likely, new 
telescopic observations will lead to re-
assignment to Level 0. Attention by public 
and by public officials is merited if the 
encounter is less than a decade away. 

4 

A close encounter, meriting attention by 
astronomers. Current calculations give a 
1% or greater chance of collision capable 
of regional devastation. Most likely, new 
telescopic observations will lead to re-
assignment to Level 0. Attention by public 
and by public officials is merited if the 
encounter is less than a decade away. 
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Threatening  
(Orange Zone) 

5 

A close encounter posing a serious, but 
still uncertain threat of regional 
devastation. Critical attention by 
astronomers is needed to determine 
conclusively whether or not a collision will 
occur. If the encounter is less than a 
decade away, governmental contingency 
planning may be warranted. 

6 

A close encounter by a large object posing 
a serious but still uncertain threat of a 
global catastrophe. Critical attention by 
astronomers is needed to determine 
conclusively whether or not a collision will 
occur. If the encounter is less than three 
decades away, governmental contingency 
planning may be warranted. 

7 

A very close encounter by a large object, 
which if occurring this century, poses an 
unprecedented but still uncertain threat of 
a global catastrophe. For such a threat in 
this century, international contingency 
planning is warranted, especially to 
determine urgently and conclusively 
whether or not a collision will occur. 

Certain Collisions 
(Red Zone) 

8 

A collision is certain, capable of causing 
localized destruction for an impact over 
land or possibly a tsunami if close offshore. 
Such events occur on average between 
once per 50 years and once per several 
1000 years. 

9 

A collision is certain, capable of causing 
unprecedented regional devastation for a 
land impact or the threat of a major 
tsunami for an ocean impact. Such events 
occur on average between once per 
10,000 years and once per 100,000 years. 

10 

A collision is certain, capable of causing 
global climatic catastrophe that may 
threaten the future of civilization as we 
know it, whether impacting land or ocean. 
Such events occur on average once per 
100,000 years, or less often. 

Figure 1 (continued) 
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Figure 2 
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Figure 3 

Figure 4 
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Figure 5 
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